Kinetics of hydrogen-deuterium exchange in adenosine 5'-monophosphate, adenosine 3':5'-monophosphate, and poly(riboadenylic acid) determined by laser-Raman spectroscopy.
Pseudo-first-order rate constants governing the deuterium exchange of 8-CH groups in adenosine 5'-monophosphate, adenosine 3':5'-monophosphate, and poly(riboadenylic acid) (poly(rA)) were determined as a function of temperature in the range 20-90 degrees C by means of laser-Raman spectroscopy. For 5'-rAMP, the logarithm of the rate constant exhibits a strictly linear dependence on reciprocal temperature, i.e., kpsi = Ae-Ea/RT, with A = 2.3 X 10(14) hr-1 and Ea = 24.2 +/- 0.6 kcal/mol. For cAMP, above 50 degrees C, kpsi is nearly identical in magnitude and temperature dependence to that of 5'-rAMP. However, below 50 degrees C, isotope exchange in cAMP is much more rapid than in 5'-rAMP, characterized by a lower activation energy (17.7 kcal/mol) and frequency factor (9.6 X 10(9) hr-1). Exchange in poly(rA) is considerably slower than in 5'-rAMP at all temperatures, but like cAMP the in k vs. 1/T plot may be divided into high temperature and low temperature domains, each characterized by different Arrhenius parameters. Above 60 degrees C, poly(rA) gives Ea = 22.0 kcal/mol and A = 3.2 X 10(12) hr-1, while below 60 degrees C, Ea = 27.7 kcal/mol and A = 1.8 X 10(16) hr-1. Thus, increasing the temperature above 60 degrees C does not diminish the retardation of exchange in poly(rA) vis a vis 5'-rAMP. These results indicate that the distribution of electrons in the adenine ring of cAMP is altered by lowering the temperature below 50 degrees C, although no similar perturbation occurs for 5'-rAMP. Retardation of exchange in poly(rA) is most probably due to base stacking at lower temperatures and to steric hindrance from the ribopolymer backbone at higher temperatures. We also report the spectral effects of deuterium exchange on the vibrational Raman frequencies of 5'-rAMP, cAMP, and poly(rA) and suggest a number of new assignments for the 5' and cyclic ribosyl phosphate groups.